4 2 . • ; 

Europfli8che8 European ^ Office eur6p£<Brt 

Patentamt Patent Office dee brevets 



REC'D 1.2 NOV 2004 



WlPO . POT 



Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprOngiich eingerelchten 
Fassung der auf dem nSch- 
sten Biatt bezeichneten 
europdischen Patentanmel- 
dung Qbereln. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fix68 d 
cette attestation sont 
conformes d la version 
initiatement d6pos6e de 
la demande de brevet 
europ^en sp^cifito & la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n** 

03102294.0 



1 pBlOiaTY 
1 DOCUMENT^ 30. 09. ax* 



Der President des Europdischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le Pr^ident de I'Offlce europden des brevets 

P.O. 



RCvan Di]k 




EuropttlsohM 
P«t«ntamt 



EuropMn 
Patont Offica 



Office •urop#m 
dmm bfwU 



Application no.: 03102294.0 



Anmeldung Nr: 



Demande no: 



Anroeldetag: 

Date of filing: 25.07.03 
Date de d^pdt: 



Anmel der/Appl 1cant( s)/DeinandeurC s): 

N.V. BEKAERT S.A. 
8550 Zwevegem 
BELGIUM 



Bezelchnung der Erf Indung/Tltle of the Inventlon/Tl tre de T Invention: 
(Falls die Bezelchnung der Erflndung n1cht angegeben 1st, slehe Beschrel bung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est 1nd1qu6 se referer & la description.) 

Substrate covered with an intermediate coating and a hard diamond coating. 

In Anspruch genommene Prloriat(en) / Priori ty(les) claimed /Pr1or1t6(s) 
revendlquteCs) 

Staat/Tag/Aktenzelchen/State/Date/Flle no./Pays/Date/Num6ro de dfipdt: 



Internationale Patentklasslflkat Ion/Inter national Patent Classification/ 
Classification Internationale des brevets: 



Am Anmel detag benannte Vertragstaaten/Contracting states designated at date of 
flllng/Etats contractants d^slgntes lors du d^pdt: 

AT BE BG CH CY CZ DE DK EE ES FI FR 6B GR HU IE IT LU MC NL 
PT RO SE SI SK TR LI 



03102294.0 



C23C/ 



Fteld cf the Invention. 

The Invention relates to a substrate covered at least partially with an 
intermediate coating and a hard diamond coating. 

Background «»f the Invention. 

Hard diamond coatings such as diamond-like cartson (DLC) coatings are 
attractive coatings for example because of their high hardness and low 
coefficient of friction, ttrair chemical inertness and ttieir biocompaObiiity. 
One of tiie main problems of DLC coatings is the poor adhesion to a 
sut)strate. 

It has been found that the application of one or more intermediate layers 
between the DLC coating and the substrate can promote the adhesion 
strengtti. A variety of intarlayers have been tested, sudi as an interlayer 
ofTi.TINorTIC. 

FR 2 596 775 describes ttie use of a TIN-TiCN intennediate layer. 
However, adhesion of DLC coatings to ttie substrate is still an issue. 

Summary of the Invention. 

it is an obje(^ of tiie invention to provide a coating having an improved 
adheston to a substrate. 



AcooreHng to a first aspect of the present Invention a sut>8trate covered 
at least partially with a layered coating is provided. 

Ttie layered coating comprises an intermediate coati'ng and a hard 
carbon coating. The intermediate coating comprises : 

- a first metal layer deposited on the substrate, the first metal layer 
comprising Ti or Cr; 

- a nitride layer deposited on tiie first metel layer, ttie nitride layer 
comprising TiN or CrN; 

- a second metal layer deposited on tiie nitride layer, the second metel 
layer comprising Ti or Cr; 

- a transition layer deposited on the second metal layer, the transition 
layer comprising TixCy or CrxCy. 



The first and the second metal layers are adhesion promoting layers : 

- The first metal layer. I.e. the layer situated between the substrate 
and the nitride layer is promoting the adhesion of the nitride to the 
substrate. 

- The second metal layer. I.e. the layer situated between the nitride 
dnd the carbide l^er is prbrrioting the adhesion of the carbide layer 

to the nitride layer. 

The first metal layer and the second metal layer preferably have a 
thickness ranging between 0.001 and 1 pm, for example between 0.001 
and 0.1 pm, such as 0.05 pm. 

The nitride layer Is giving the layered coating in combination with the 
hard carbon coating the required mechanical properties. 

The thickness of the nitride layer is preferably between 0 and 5 pm. 
More preferably, the nitride layer has a thickness between 0.001 and 1 
pm. for example 0.75 or 1 pm. 

The transition layer comprises TixCy or CrxCy. The transition layer 
comprises for example stotehiometric TiCy or CraCa. However, the 
transition layer may also comprise non^ichiometric TixCy or CrxCy. 
Preferably, the transitton layer shows a gradient, whereby the carbon 
content is increasing and the metal content is decreasing from the side 
of the transition layer in contact with the second metal i^er towards the 
side of the transition layer in contact with the hard carbon coating. 

The thickness of the carbide layer is preferably between 0.001 and 1 
pm. for example 0.1 pm. 



The hard carbon coating may comprise any carbon-based coating 
icnown in the art 

Preferably, the hard carbon coating comprises a diamond-like coating. 
Diamond-Mice coatings are amorphous carbon based coatings with a 
high hardness and a low coefficient of friction. Their unique composition 
and structure result in excellent wear resistance and non-sticidng 
characteristics. 

Diamond-lilce coatings comprise for example dlamond-lllce cart)on (DLC) 
coatings and diamond-lilce nanocomposite (DLN) coatings or layered 
structures of dlamond-lllce carbon (DLC) and diamond-lilce 
nanocomposite (DLN) coatings. 

Diamond-like carbon coatings comprise amorphous hydrogenated 
carbon (x>atings (a-C:l-i); whereas diamond-like nanocomposite coatings 
(x>mprise interpenetrating networks of a-C:H and a-Si:0. A 
representative DLN coating comprises 30 to 70 at% of C, 20 to 40 at% ! 
of H . 5 to 1 5 at% of Si a nd 5 to 1 5 at% of O. 

DLN (X)ating exhibits a very low coefficient of friction, even in high ]^ 
humidity or wet environment 

The hard c:arbon coating such as the diamond-like coating may be 
deposited by any technique known in the art. A preferred technique 
comprises chemical vapor deposition (CVD), such as plasma assisted 
chemical vapor deposition (PACVD). 

To influence its cx3nductivity, the hard carbon coating such as the DLC or 
DLN coating can further be doped with a transition metal. In particular 
W, Zr, Ti, Nb and Ta are well suited as doping elements. 

The DLC or DLN cx)ating can furUier (x>ntain an inert gas such as Ne, Ar 
or Kr. for example in an amount of 0.5 to 5 at%. 
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The layered coating according to the present advantage combines the 
characteristics of having a good adhesion to the 8Ul>strate and having a 
high hardness. 

5 The adhesion of the layered coating according to the Invention, 

expressed by means of the Rockwell C indentation test is better than 
HF2 and more preferably equal to HF1 (VDI 3198 nomi). 
The critical load to obtain delamination In a scratch test (European 
Standard suggestion prBM 1071-3) is higherthan 35 N and more 
10 preferably higher tiian 50 N. 

The hardness of the levered coating according to the Invention Is higher 
thdn 10 GPdV Ih'a preferred embbdimeht a hardness of at'least 20 GPa 

has been reached. The hardness can be Influenced by the choloe of the 
IS top layer of the layered coating. 

The substrate to be coated may comprise any substrate, either flexible 
or rigid. Examples of substrates comprise steel substrates, hard metal 
cermets, silicon substrates, aluminium or aluminium alloy substrates. 
20 titanium or titanium alloy substrates, copper or copper alloy substrates, 

ceramics or glass sut)strates. 

The layered coating according to the present invention can be used In a 
great number of applications. The composition of the DLC coating can be 
25 adjusted specifically to meet preset requirements such as low friction, high 

hardness, high abrasion and wear resistance, high corrosion resistance 
and non-sticking properties. 

The layered coating according to the present Invention can for example be 
used to coat all kinds of mouldings means, medteal implants, automotive 
30 powertrain components, textile components, . . . 

Description of the prefenred embodiments of the Invention. 
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To evaluate the influence of the first metal layer, two samples are 
compared. 

In a first sample a TIN layer Is deposited directly on the substrate; in a 
second sample a Ti layer (0.010 pm) is deposited on the substrate and a 

S TIN layer Is deposited on the TI layer. 

in the first sample, the TIN layer delaminates immediately after removal 
from the substrate holder. Delamlnatlon was most dramatic at the edges 
of the sample. At these edges the ion bombardment during growth is 
more intense due to edge field effects. This can result in higher stresses 

10 in the coating which can cause the coating to delaminate more easily. 

Both indentation test (HF6) and scratch test (critical load » 16 N) confirm 
the poor adhesion. 

The second sample shows good adhesion, confirmed both by the 
indentation test (HF1) and the scratch test (critical load > 30 N). In one 
IS embodiment a scratch test showed a critical load higher than 47 N. 

In order to check the need of a transition layer before the deposition of a 
hard carbon layer, such as a DLC layer, DLC was deposited directly on 
the TIN layer (0.01 pm Ti / 0.6 pm TIN / 1 .3 pm DLC). 

20 Delamination of the DLC from the TIN could be observed. This poor 

adhesion was confirmed by a very bad indentation result and a low 
critical load value (28 N) in the scratch tests. 
This result proves that the transition belween the TIN and the DLC 
coating Is critical and that a kind of transition layer is necessary. 

25 Three different samples were compared : 

1 ) a layered coating comprising 

0.1 pm Ti / 0.6 pm TIN / 0.6 pm TIC / 1 .3 pm DLC; 

2) a layered coating comprising 

0.1 pm Ti / 0.6 pm TiN / 0.3 pm TINC / 1 .3 pm DLC; 
30 3) a layered coating comprising 

0.01 pm Ti / 0.75 pm TIN / 0.01 pm Ti / 0.1 pm TIC / 1.3 pm DLC. 



The first and second sample show a poor adhesion, whereas the third 
sample shows a good adhesion. The good adhesion of the third sample 
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is confirmed by indentation tests (HF1) and scratch test (critical load > 
40 N) 

In another example the layered coating comprises an intermediate 
5 coating comprising : 

- a first Cr layer; 

- a CrN layer; 

- a second Cr layer: 

- a CrxCy layer, such as a Cr3C2 layer. 



A substrate covered at least partially with a layered coating, said 
layered coating comprising an intermediate coating and a harel 
cartKMi coating, characterised in that said Intermediate coating 
comprises 

- a first metal layer deposited on the substrate, said first metal 
layer comprising Ti or Cn 

■ a ntfWo layer deposited on said first metal layer, said nitride 
layer comprising TIN or CrN; 

- a second metal layer deposited on said nitride layer, said 
nitride layer comprising TI or Cn 

- a transition layer deposited on said seond metal layer, said 
second metal layer comprising TixC^ or CrxCy. 



A substrate according to daim 1. whereby said hard carbon 
coating comprises a dIamond-Jilce carbon (DLC) coating. 

A substrate according to daiml. whereby said hard cartion 
coating comprises a diamond-liice nanocomposite (DLN) coating. 

A substrate according to claim 1. whereby said hard carbon 
coating comprises a layered structure of diamond-iiice carbon 
(DLC) and diamond-iiice nanocomposite (DLN) coatings. 

A substrate according to any one of the preceding claims, 
whereby said hard carbon coaling is doped with a transition 
metal and/or with an Inert gas. 

A substrate according to any one of the preceding claims, 
whereby said first metal layer and said second metal layer have 
a thicimess between 0.001 and 1 pm. 
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A substrate according to any one of the preceding claims, 
wheret>y said nitride layer has a thickness between 0 and 5 

A substrate according to any one of the preceding daims, 
whereby said transition layer has a thicloiess between 0.001 and 
1 pm. 

A substrate according to any one of the preceding dalms, 
whereby the adhesion of said layered coating expressed by 
means of the RocloA/eli C test is better than HF2. 

A substrate according to any one of the preceding dalms. 
whereby the adhesion of said layered coating expressed by 
means of the critical load to obtain delamination is higher than 35 
N. 

A substrate accorxling to any one of the preceding daims. 
whereby said layered coating has a hardness of at least 10 GPa. 



ABSTRACT 



The invention relates to a substrate covered at least partiaiiy with a 
layered coating. The leered coating comprises an intennediate coating 
and a hard carbon coating. The Intermediate coating comprises 

- a first metal layer deposited on the substrate, the first metal layer 
comprising Ti or Or; 

- a nitride layer deposited on the first metal layer, the nitride layer 
comprising TIN or CrN; 

- a second metal layer deposHed on the nitride layer, the second metal 
layer comprising TI or Cn 

- a transitton layer deposited on the second metal layer, the transition 
layer comprising Ti^Qy or CrxCy. 



